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Introduction
Thunderstorms caused severe flooding in east-central Iowa in June 2002 in the area roughly bounded by Cedar Rapids, Dubuque, and Davenport, Iowa ( fig. 1 ). New maximum peak discharge records were set at five U.S. Geological Survey (USGS) streamflow-gaging stations in the Maquoketa and Little Maquoketa River Basins and in the Duck Creek Basin in Scott County ( fig. 1 ). Flooding occurred in several cities and towns where many homes and businesses were damaged and where hundreds of people were forced to evacuate their homes.
Many highways and roads were closed and several bridges were damaged as a result of the flooding. The Iowa Department of Natural Resources (IDNR) reported that sewage treatment facilities in about 10 cities and a mobile home park were forced to bypass their wastewater-treatment plants and to discharge directly into rivers and streams to avoid sewage backup into homes (Pitt, Waterloo-Cedar Falls Courier, June 5, 2002; Gersema, Associated Press, Cedar Rapids Gazette, June 6, 2002) . Flood profiles and peak discharges for the June 2002 flood in the Indian Creek Basin in Linn County, Iowa, are presented in the report Flood of June 4, 2002 , in the Indian Creek Basin, Linn County, Iowa (Eash, 2004 .
A State disaster emergency was declared within days of the flood for eight counties that included Clayton, Clinton, Delaware, Dubuque, Jackson, Jones, Linn, and Scott. A Federal disaster proclamation followed including 17 counties; in addition to the above counties, the counties of Allamakee, Benton, Buchanan, Cedar, Fayette, Iowa, Johnson, Muscatine, and Winneshiek were included. The flooding damaged an estimated 1,004 homes in eight counties; including 22 homes with major damage and eight homes destroyed (U.S. Department of Commerce, National Oceanic and Atmospheric Administration, and National Weather Service, National Climate Data Center, at uniform resource locator (URL) http://www4.ncdc.noaa.gov/ cgi-win/wwcgi.dll?wwEvent~storms). Public property damage in eastern Iowa due to flooding was at least $7.2 million, for which the greatest damage occurred in Linn County ($3.2 million), Dubuque County ($2.1 million), and Jones County ($1.3 million). Table 1 
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Basin Description
The Maquoketa River Basin is located in east-central and northeast Iowa ( fig. 1) . The basin is oriented in a general northwest to southeast direction and drains 1,879 mi 2 (Larimer, 1957) . The Maquoketa River originates in Fayette County and flows about 150 mi through the cities of Manchester, Monticello, and Maquoketa to the mouth at the Mississippi River in eastern Jackson County. The North Fork Maquoketa River, a major tributary to the Maquoketa River with a drainage area of 592 mi 2 (Larimer, 1957) , originates in Dubuque County and flows 97 mi through the cities of New Vienna, Dyersville, and Cascade to its mouth in Jackson County. Approximately 60 percent of the Maquoketa River Basin, comprising the southeast or lower part of the basin, lies within the Southern Iowa Drift Plain landform region (Prior, 1991) (landform regions not shown in fig. 1 ). The majority of the remainder of the basin, comprising the northwest or upper part of the basin, lies in the Iowan Surface landform region. A small part of the basin, comprising about 6 mi 2 of the headwaters of the North Fork Maquoketa River Basin, lies within the Paleozoic Plateau landform region. The topography in the basin changes across the two predominate landform regions, from the gently rolling terrain of the Iowan Surface in the upper part of the basin to the steeply to gently rolling terrain of the Southern Iowa Drift Plain in the lower part of the basin. In northwest Delaware County, the Maquoketa River valley changes for a few miles from a gently-sloped valley to a rugged gorge in Backbone State Park. Farther downstream in central Delaware County, a few miles southeast of Manchester, the Maquoketa River enters a canyon-like valley that persists throughout much of the remaining length of the river (Iowa Natural Resources Council, 1958) . Land use in the basin is predominately agricultural and includes some wooded areas.
Eight low-head dams have been constructed across the Maquoketa River (Iowa Conservation Commission, 1979) ; no dams have been constructed across the North Fork Maquoketa River. Six of the dams on the Maquoketa River were originally built for hydroelectric power (Iowa Natural Resources Council, 1958) ; only the Lakehurst dam upstream from the city of Maquoketa in Jackson County ( fig. 1 ) is currently operating as a hydroelectric dam. The Lake Delhi dam is the largest dam on the Maquoketa River at a height of 38 ft (Iowa Conservation Commission, 1979) . Lake Delhi (Federally recognized as Hartwick Lake) is approximately 8 mi in length and 450 acres in area. The local name "Lake Delhi" was adopted in recognition of the nearby town of Delhi in Delaware County ( fig. 1 ). 
Flood History
Flood of June 15, 1925
The largest known flood in the upper part of the Maquoketa River Basin (1925 Basin ( -2003 
Flood of June 27, 1944
The largest flood on record in the Maquoketa River Basin occurred on June 27, 1944. Saturated soils and intense local thunderstorms that began late on June 25 and ended around noon on June 26 caused severe flooding on the lower reaches of the Maquoketa River. The area of greatest rainfall was in southeastern Jones County where unofficial measurements of 11.0 inches were reported. In the Maquoketa River Basin in eastern Jones County, unofficial rainfall amounts ranged between 7.5 and 9.5 inches. At Monmouth, in southwestern Jackson County, 5.02 inches of rain fell in 13.5 hours and at Cascade, in southwestern Dubuque County, 5.38 inches of rain fell in 4 hours and 40 minutes (U.S. Department of Commerce, Weather Bureau, and Iowa Department of Agriculture, 1944). Floodwaters damaged many highways and railroad grades, washed out many culverts and bridges, and caused widespread erosion damage, siltation, and crop losses. Damages were primarily limited to rural property, crops, and pasture. The June 1944 flood in the Maquoketa River Basin inundated 9,872 acres and total damage was $342,845; including damage of $286,480 for crops and pasture and $56,365 for rural property (damage estimates for urban property were not available) (Iowa Natural Resources Council, 1958) . At the Maquoketa River near Maquoketa gaging station (station number 05418500, fig. 1 ), the peak discharge of 48,000 ft 3 /s for the flood of June 27, 1944, is the largest known discharge (1903, and has a recurrence interval of approximately 50 years (table 2) . 1925, 1928-30, 1933-73, 1976 1 All values at current datums.
2 Interpolated using Bulletin 17B flood-frequency analyses (Interagency Advisory Committee on Water Data, 1982) and rounded to nearest 5 years for 20-to 50-year recurrence intervals and to nearest 10 years for 50-to 200-year recurrence intervals. 3 Estimated. 4 Discharge computed by Prof. F.A. Nagler, University of Iowa.
5 Elevation referenced to the National Geodetic Vertical Datum of 1929. 6 Discharge computed from indirect measurement. 7 Computed using regional regression equations (Eash, 2001) . 8 Stage affected by backwater. 9 Prior to Sept. 30, 1972 , gaging station at different site and datum. 
Flood of June 13, 1947
Severe flooding that affected much of Iowa during June 1947, also involved the Maquoketa River Basin. Frequent rains during April and early June saturated soils in the basin, and excessive rains over northeastern Iowa during the remainder of June caused one of the most widespread flood periods of record in this area. Most of the flooding was caused by intense, widespread thunderstorms during June 12-13, during which more than 4 inches of rain fell in the upper part of the Maquoketa River Basin. Floodwaters caused much damage to roads and bridges, and agricultural land. Flooding along the Maquoketa River caused severe damage in Manchester, where much of the business area was inundated with several feet of water (Iowa Natural Resources Council, 1958) . The flood forced the evacuation of at least 50 families in Manchester and damages in the city were estimated at several hundred thousand dollars. Flooding along the North Fork Maquoketa River resulted in some residential damage in Dyersville. The June 1947 flood in the Maquoketa River Basin inundated 10,059 acres and total damage was $598,680; including damage of $269,060 for crops and pasture, $48,540 for rural property, and $281,080 for urban property (Iowa Natural Resources Council, 1958) . At the Maquoketa River near Manchester gaging station (station number 05417000), the peak discharge of 20,000 ft 3 /s for the flood of June 13, 1947, is the second largest known discharge and has a recurrence interval of approximately 60 years (table 2) .
Flood of June 4-5, 2002
The flood of June 4-5, 2002, in the Maquoketa River Basin is nearly equal the largest flood on record (June 1944) for the period 1903, and 1914-2003 , and is the largest known flood in the North Fork Maquoketa River Basin for the period 1974, 1977-91, and 1999-2003. 
Storm Description
The flood was the result of a series of thunderstorms that deluged northeast and east-central Iowa on June 3-4. Figure 2 shows hourly rainfall amounts for June 3-4, 2002 , at four selected rain gages located in northeast and east-central Iowa ( fig. 1 ). Hourly data collected at Cascade ( fig. 2A ), located less than 10 mi from the area of greatest rainfall shown in figure 1, may provide a general indication of the timing and intensity of the rainfall in the upper-middle part of the Maquoketa River Basin. The greatest intensity of rainfall at Cascade occurred between 11:00 p.m. and midnight on June 3 during which 1.6 inches of rain fell. All of the rainfall at Cascade occurred during a 31-hour period, of which the majority of the rainfall (6.0 inches of the total 6.5 inches) occurred during a 14-hour period ending at noon on June 4. Data from the four rain gages figure 1 to indicate total rainfall for the storm because the majority of the rainfall occurred during two 24-hour collection periods (7:00 a.m. observation times). Table 3 Figure 2 shows that rainfall amounts for selected time periods at Cascade and the Dubuque WSO airport were approximately 3.2 and 3.6 inches, respectively, for a 6-hour period; 5.7 and 5.5 inches, respectively, for a 12-hour period; and 6.2 and 5.9 inches, respectively, for a 24-hour period. At Dyersville, 5 inches of rainfall was reported in a 12-hour period (U.S. Department of Commerce, National Oceanic and Atmospheric Administration, and National Weather Service, National Climate Data Center, at URL http://www4.ncdc.noaa.gov/ cgi-win/wwcgi.dll?wwEvent~storms). Radar estimates indicated total rainfall amounts were as high as 8 to 10 inches in Delaware and Dubuque Counties, with more than 10 inches in western Dubuque County (U.S. Department of Commerce, National Oceanic and Atmospheric Administration, and National Weather Service, 2002, WS Form E-5). The Rainfall Frequency Atlas of the Midwest (Huff and Angel, 1992) provides isohyetal maps of the spatial distribution of theoretical rainfall amounts in Iowa for selected rain periods and recurrence intervals. Table 4 lists the magnitude and frequency of theoretical rainfall amounts for selected rain periods (durations) interpolated from isohyetal maps shown in Huff and Angel (1992) Hourly rainfall shown for hour ending. Total rainfall shown is 3.7 inches.
Hourly rainfall shown for hour ending. Total rainfall shown is 3.5 inches.
Hourly rainfall shown for hour ending. Total rainfall shown is 6.42 inches.
Hourly rainfall shown for hour ending. Total rainfall shown is 6.5 inches. Tables 4 and 2 list recurrence intervals for two different components of a hydrologic event-rainfall and runoff, respectively, and for different locations in the Maquoketa River Basin. Recurrence interval is the average interval of time during which a given rainfall or flood will be equalled or exceeded once. For example, a flood with a magnitude that is expected to be exceeded on average once during any 100-year period (recurrence interval) has a 1-percent chance of being exceeded during any particular year. This flood, commonly termed the 100-year flood, is the theoretical peak discharge against which actual flood-peak discharges are compared. Although the recurrence interval represents the long-term average period between rainfalls or floods of a specific magnitude, rare rainfalls or floods could occur at shorter intervals or even within the same year.
Flood Description
As a result of the intense rainfall, severe flooding occurred in the Maquoketa River Basin. Peak discharges on the Maquoketa River for the flood of June 4-5, 2002, of 47,500 ft 3 /s at Monticello (State Highway 38, fig. 1 ), and 47,900 ft 3 /s at the Maquoketa River near Maquoketa gaging station (station number 05418500, State Highway 62), were determined for the flood (table 2) In Jones County, the greatest flood damage occurred in Monticello. Sally Hinrichsen, Monticello City Clerk, reported severe water damage to homes in an area of several blocks due to flooding from the Maquoketa River and Kitty Creek. High stages along the Maquoketa River backed up water along Kitty Creek, which caused additional flooding in southeast Monticello. Dana Edwards, Monticello Public Works Director, reported that rising floodwaters from the Maquoketa River and Kitty Creek inundated the Monticello wastewater-treatment plant for the first time since it was built in 1939 and caused the loss of electrical service to the pumps at the plant. As a result of the loss of operation of the wastewater-treatment plant, the city was forced to bypass the plant and to discharge sewage directly into Kitty Creek. Joshua Smith, Monticello City Administrator, reported flood damage to 91 homes and 18 businesses in Monticello and estimated damages to homes, businesses, and city infrastructure at $4 million, which included about $500,000 of damage to the city wastewater-treatment plant. Terry Reynolds, American Red Cross Disaster Coordinator, reported residents from more than 70 homes in Monticello were at least temporarily displaced as a result of the flooding. All roads into Monticello were closed for a time on June 4. U.S. Highway 151 was closed in Monticello due to the road being washed out near the Maquoketa River bridge and also was closed near Langworthy. In Dubuque County, the greatest flood damage occurred in Dyersville. Tim Pins, Dyersville Emergency Management Coordinator, reported that about 50 homes along the North Fork Maquoketa River were flooded in Dyersville and another 30 to 40 homes in a six-block area of town were evacuated. The area in Dyersville affected the worst was near the mouths of Bear and Hewitt Creeks. To avoid sewage backups into homes in Dyersville, the city was forced to bypass the wastewatertreatment plant and to discharge directly into the North Fork Maquoketa River. Damage to infrastructure in Dyersville was estimated to be about $1.5 million and to homes about $1 million. Rick Kremer, Cascade Fire Chief, reported that about six homes were evacuated in Cascade after sandbags along a dike on the southeast side of town failed to hold floodwaters of the North Fork Maquoketa River.
In Jackson County, Buddy Olson, Jackson County Emergency Management Coordinator, reported that three bridges in the county were damaged and many county roads were washed out. 
Flood Profile 11
In Delaware County, the intense rainfall caused severe soil erosion and crop damage. Brian Hillers, Soil Conservationist, Natural Resources Conservation Service, reported that runoff from the thunderstorms in recently tilled fields without grass waterways may have eroded as much as 30 tons per acre of topsoil and that drainage off hillsides cut deep gullies into many fields. To avoid sewage backups into homes in Hopkinton, the city was forced to bypass the wastewater-treatment plant and to discharge directly into the Maquoketa River. In Clinton County, State Highway 136 was closed in Charlotte.
As a result of the intense rainfall, the pool level of Lake Delhi ( fig. 1 ) rose rapidly during the night of June 3-4 while the floodgates of the Lake Delhi dam were set for normal flows. Officials fully opened two of the three gates at 7:00 a.m. on June 4. While there were assertions that this action exacerbated the flooding in Monticello 20 mi downstream, officials from the Iowa Department of Natural Resources and the U.S. Army Corps of Engineers did not believe this was the case.
Flood Profile
To develop a flood profile, the USGS measured the elevation of high-water marks (HWMs) at selected bridge sites along selected reaches of the Maquoketa and North Fork Maquoketa Rivers. River miles were determined for the bridge sites using a geographic information system to measure the distance along each river reach from the mouth using 1:24,000-scale topographic-map data. HWMs were measured at all Federal and State Highway bridges and at USGS streamflow-gaging stations along the selected river reaches. Additional HWMs were measured at county road bridges to keep the maximum distance between points at about 10 river mi. The flood profiles were determined using HWMs generally located immediately downstream and one bridge-length upstream from selected bridges. The HWMs were flagged within 4 days of the flood peak and surveyed to temporary bench marks (see appendix) at bridges within 4 weeks of the flood peak and were later refer- 
Appendix: Temporary Bench Marks and Reference Points
To facilitate measuring and referencing the high-water marks (HWMs) used in the flood profiles to a common datum, temporary bench marks (TBMs) and reference points (RPs) were found or established by the USGS at the bridges along the profiled river reaches. All TBM and RP elevations listed in this tabulation are referenced to the National Geodetic Vertical Datum of 1929. Tables 5 and 6 list the 29 sites where the USGS measured HWMs for the June 2002 flood profile. Of these 29 sites, TBMs are presented in this appendix for 28 of the sites and RPs are presented for 22 of the sites. For 6 of the 28 sites listed in this appendix, TBMs and corresponding elevations were established by other agencies and these agencies are noted in the descriptions of the TBMs. The USGS established TBMs at 22 sites and RPs at 22 sites during 2002, with the exception of TBMs or reference marks (RMs) established at three USGS streamflow-gaging stations prior to 2002, which are identified in this tabulation with an RM number. TBM and RP elevations established by the USGS were determined from differential leveling, with the exception of TBMs at 17 bridges, where elevations were determined from post-processed differential positioning using a global positioning system (GPS). Elevations determined using GPS are noted in the TBM and RP descriptions. Level lines or GPS networks, used to establish the thirdorder accuracy of the 22 TBMs established by the USGS shown herein, were surveyed or configured from bench marks established and adjusted by the National Mapping Division of the USGS and National Geodetic Survey. Errors of closure in the USGS level work were adjusted along level lines to balance TBM and RP elevations. Specific GPS-network and satelliteconstellation configurations, equivalent hours of data collection with multiple GPS receivers, and post-processing quality controls were used to control the effects of error in GPS-derived elevations. For the new County Road D47/Marion Street bridge over the Maquoketa River southwest of Hopkinton, the USGS established the elevation of the TBM by surveying from a spike in a utility pole located about 1,000 ft southwest of the bridge for which the elevation was provided by the Delaware County Engineer's Office.
The TBMs and RPs are designated by an index number or legal description derived from their respective locations using Public Land Survey System coordinates (township, range, section). Within the section, the quarter section in which the TBM or RP is located is designated by NE, SE, NW, and SW. For example, 8505E-23 NE refers to a location in Township 85 North, Range 5 East, northeast quarter of section 23. A number in parentheses following the quarter-section designation indicates the number of the TBM or RP in that particular quarter section. The index number serves to describe the legal description of the mark without further reference in the body of the description. The physical location of the TBM on a bridge dictates the appropriate legal description. An RP, and any additional TBMs, are listed with the related TBM and are identified by the same legal description though, at times, they are in a different section, range, or township as determined by upstream or downstream location.
Standard marks, such as squares, crosses, or marks were chiseled or filed on concrete or metal; or existing bolts on bridges were used as TBMs or RPs. RPs are distinguished from TBMs by the notation "(REFERENCE POINT)" following the legal description. RPs were established to permit water-surface elevations to be determined by use of a tape and weight. The terms "right" and "left" in the descriptions are determined as viewed while facing in the downstream direction.
The TBMs and RPs are listed in the downstream to upstream order with respect to their correspondence to bridges over the Maquoketa and North Fork Maquoketa Rivers. The user of this information is cautioned that TBMs and RPs listed herein might have been disturbed, destroyed, or moved since elevations were established. It is the responsibility of the user to determine the condition and the suitability of the TBM or RP. 
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